Objective: We examined whether adiposity and fitness explain the decrease in health-related quality of life (HRQOL) associated with type 2 diabetes mellitus.
Background
Type 2 diabetes mellitus (type 2 diabetes) affects approximately 10% of the U.S. population aged 20 years and older and its prevalence increases with age [1] . People with type 2 diabetes report reduced health-related quality of life (HRQOL) compared with the general population, but higher than people with other chronic illnesses such as congestive heart failure [2, 3] . The presence of diabetesrelated complications, such as peripheral neuropathy, coronary artery disease and peripheral vascular disease, are known to reduce HRQOL [4, 5] . Intensive medical treatment regimens may be burdensome to patients and reduce HRQOL [6] , but may improve glycemic control and increase net HRQOL [7] [8] [9] .
Among people with type 2 diabetes, adiposity and reduced fitness have adverse physiological effects that promote disease progression and increase cardiovascular disease mortality [10, 11] . Increased adiposity is also an important predictor of HRQOL among people with type 2 diabetes [12, 13] . To our knowledge no study has examined the influence of adiposity and fitness on the association of type 2 diabetes and HRQOL, using objective, reproducible measures of adiposity and fitness to compare people with and without diabetes. Based on prior research [12] [13] [14] , we hypothesized that reduced adiposity and higher fitness levels would attenuate the association of type 2 diabetes with HRQOL. We examined these associations in baseline data from participants recruited for two randomized controlled trials of exercise training for hypertension. For this study we use the term "fatness" to indicate total body adiposity, and "fitness" to indicate cardiorespiratory fitness, which reflects both recent physical activity and genetic makeup [15] .
Methods
The Johns Hopkins Medicine Institutional Review Board (Baltimore, MD) approved both studies. Informed written consent was obtained from each participant. Participants were recruited between 7/1/99 and 11/30/03 for the study in people without type 2 diabetes and between 5/1/04 and 12/28/07 for the study in people with type 2 diabetes.
Study design and sample
This study was a cross-sectional analysis of baseline data from participants recruited from the local urban and suburban communities for two randomized controlled trials to examine the effect of exercise training on blood pressure. The two studies used similar testing protocols. Each study used newspaper advertising for recruitment. Participants were provided with a cash incentive of $60 for the baseline testing for the study in participants without diabetes and $50 for the study enrolling participants with diabetes.
The first study enrolled people aged 55-75 years old with untreated pre-or stage one hypertension (defined as systolic blood pressure (BP) of 130-159 and/or diastolic BP of 85-99 mm Hg). Subjects who were using only one medicine for hypertension were allowed to discontinue their medicine for 2-weeks prior to undergoing the screening for the study. People with a diagnosis of type 2 diabetes were excluded from the first study.
The second study enrolled people aged 40-65 years old with pre-or stage one hypertension (defined as systolic BP of 130-159 and/or diastolic BP of 85-99 mm Hg) and type 2 diabetes. Because subjects were recruited for an exercise training trial, those with poor glycemic control (fasting blood glucose > 400 mg/dl or HbA1C >11%) or requiring insulin, were excluded. The participants with type 2 diabetes using antihypertensive medications were not discontinued from these medications for the exercise trial, as it was felt that rigorous BP control was indicated in those with a diagnosis of diabetes.
Participants in both studies were sedentary but free of selfreported illnesses, such as chronic pain from orthopedic conditions, peripheral arterial disease and cancer, that could interfere with their full participation in a moderateintensity exercise program. Both studies excluded people with electrocardiographic abnormalities indicative of myocardial infarction or heart block, smoking and BMI ≥ 40 kg/m 2 . An exercise stress test was used to identify and exclude those with exercise-induced ischemic ST-T wave changes (>1 mm), high-grade arrhythmias, or exerciseinduced cardiac symptoms.
Measures of aerobic fitness, fatness and HRQOL
The protocols for assessing fitness, fatness, and HRQOL were identical in both studies. Fatness was reported as percentage of total body fat measured by dual energy x-ray absorptiometry (DEXA) (GE Lunar Prodigy; General Electric Medical Systems, Milwaukee, Wis).
Aerobic fitness was assessed as the peak oxygen uptake (VO 2 peak), determined on a graded exercise treadmill using a SensorMedics Vmax 229 Metabolic System (SensorMedics Inc, Yorba Linda, Calif). The walking speed was 4.8 km/h at a grade of 0%, and the grade increased by 2.5% every 3 minutes to the point of volitional fatigue, when participants indicated that they could walk no further. Participants were encouraged to reach 18 or higher on the Borg Rating of Perceived Exertion Scale [16] .
HRQOL was assessed by the Medical Outcomes Study SF-36 questionnaire [17, 18] , a self-administered 36-item questionnaire that measures HRQOL using 8 scales: physical function, role limitations due to physical problems (role-physical), role limitations due to emotional prob-lems (role-emotional), vitality, bodily pain, social function, mental health, and general health. Each scale is scored separately from 0 (lowest level of function) to 100 (highest level of function). There are two calculated summary scales, the mental component score and the physical component score. For summary scores, factor weights derived from the U.S. general population were applied to the eight SF-36 scales to compare with a mean of 50 and standard deviation of 10 in the general population [18, 19] . The SF-36 has been validated extensively as a measure of health status in people with chronic illness [2] and other settings [20] . The SF-36 has good construct validity, internal consistency and test-retest reliability in racially diverse populations [18, 21] . In this study the mean Cronbach's alpha for the eight scales was 0.77 (range 0.71 to 0.83) which is comparable to other studies using the SF-36 [2, 20] .
Data Analysis
We pooled baseline data from the two studies to yield a total of 226 participants. Nine participants without a complete SF-36 baseline questionnaire were excluded from analyses. We assessed differences in HRQOL in participants with and without type 2 diabetes using the student's t-test. Because some of the SF-36 scales had distributions that were positively skewed, we confirmed these results using the Mann-Whitney test. We calculated the Spearman correlation coefficient between fatness and fitness. Multivariate linear regression was used to examine the mean difference (represented by the beta coefficient for "presence type 2 diabetes" variable) associated with type 2 diabetes on each HRQOL scale, after adjusting for age, sex and race, potentially confounding variables.
For each HRQOL scale with significant differences associated with type 2 diabetes in either adjusted or unadjusted analyses, additional regression models were created to examine the influence of fatness and fitness on the association of type 2 diabetes with HRQOL. For each HRQOL scale outcome, four models were created. First, we examined the association of type 2 diabetes with each HRQOL scale after controlling for sociodemographics (age, sex and race) in model 1. Model 2 added fatness to model 1 to assess its influence on the association of type 2 diabetes with HRQOL. Model 3 added fitness to Model 1 to test its influence on the type 2 diabetes-HRQOL association. The final model (model 4) added both fatness and fitness to model 1 to examine their combined effect. Interaction terms between fatness and fitness in all final models (model 4) were not statistically significant. Because some of the SF-36 scales did not have normal distributions all regression analyses were repeated using bootstrapping to confirm the reported results. We scaled the partial regression coefficients by about one standard deviation to make them interpretable and comparable across the four models. After scaling, changes in the HRQOL scales in the multivariate models are interpreted per 5 mL/kg·min increase in VO 2 peak and per 10% increase in the percentage of body fat.
Statistical analyses were performed using Stata version 9.2 (College Station, TX) [22] .
Results

Characteristics of the study participants
In the combined baseline sample there were 217 participants, including 98 participants with and 119 participants without type 2 diabetes. People with type 2 diabetes were younger (p < 0.001), more likely to be male (p = 0.012) and non-white (p < 0.001). Participants with type 2 diabetes had a mean hemoglobin A1c of 6.6% and a lower mean total cholesterol than participants without type 2 diabetes (178.8 mg/dL vs. 215.2 mg/dL) ( Table 1) .
Participants without type 2 diabetes had a higher mean percentage of body fat (38.2% vs. 36.0%) ( Table 1) . This difference was explained by a higher percentage of females without type 2 diabetes (53.7% vs. 37.3%), as women had a higher percentage of body fat versus men (mean of 44% vs. 32%, respectively). When stratified by sex there was no significant difference in percent body fat between participants with and without type 2 diabetes. Participants with type 2 diabetes also had lower levels of VO 2 peak despite being younger (Table 1) .
Fatness and fitness were negatively correlated, with the Spearman r = -0.6241 (p < 0.001).
Comparison of HRQOL scales in participants with and without type 2 diabetes
Participants with type 2 diabetes had lower mean scores for general health (p < 0.001), vitality (p = 0.028) and the physical component summary (p = 0.002) scales. The mean SF-36 scales for bodily pain, physical function, role emotional, role physical, social function, mental health and mental component score were all lower in people with type 2 diabetes but the differences did not reach statistical significance (Table 1) .
For each HRQOL scale, we assessed the mean difference in HRQOL associated with the presence of type 2 diabetes, after adjusting for age, sex and race (Table 2) . Type 2 diabetes was associated with a 12-point decrease in general health (P< 0.001), 8-point decrease in role limitations due to physical problems (P = 0.035), 5-point decrease in vitality and almost a 3-point decrease in the physical component score ( Table 2) .
Influence of fatness and fitness on the differences in HRQOL associated with type 2 diabetes
We assessed the influence of fatness and fitness individually and then together on the differences in HRQOL associated with type 2 diabetes in the general health, role physical and vitality scales, and the physical component score. These scales had significant differences associated with type 2 diabetes in either unadjusted analyses or analyses adjusted for age, sex and race.
For general health, the addition of fatness to model 1 did not greatly influence the decrement in HRQOL associated with type 2 diabetes (mean difference of -12.87, P = 0.001). Fitness influenced the association of general health with type 2 diabetes (models 3 and 4), but type 2 diabetes remained highly significant [Additional file 1]. An improvement in fitness by 5 mL/kg·min of VO 2 peak was associated with a 4-point increase in general health in the final model [Additional file 1].
Type 2 diabetes was associated with an 8-point decrease in the role-physical scale after adjusting for sociodemographic characteristics and fatness (P = 0.035, model 2). The negative association of type 2 diabetes with the rolephysical scale was attenuated, becoming non-significant, with the addition of fitness in models 3 and 4 [Additional file 1].
The addition of fitness in models 3 and 4 attenuated the association of type 2 diabetes and vitality. An improve- Abbreviations: SD = standard deviation; HRQOL = health-related quality of life; kg = kilogram; m = meter; mL = millileter; min = minute. The association of type 2 diabetes with the physical component score was augmented with the addition of fatness in mode1 2 (mean difference of -3.25, P = 0.002). A 10% increase in the percentage of body fat was associated with a 2-point decrease in the physical component score (model 2). However, the negative association between type 2 diabetes and the physical component score was attenuated, becoming non-significant, with the addition of fitness in models 3 and 4 [Additional file 1].
Discussion
There are several important new findings in this cross-sectional study examining the influence of fatness and fitness on the association of type 2 diabetes with HRQOL in participants with and without type 2 diabetes. First, we confirmed the negative impact on the physical aspects of HRQOL in type 2 diabetes, which was concentrated in the scales measuring role limitations due to physical problems (role-physical), vitality, general health, and the physical component summary score. No significant reductions were found in self-reported mental health in our participants, who on-average, had well-controlled type 2 diabetes. Second, a new finding from this study was that higher levels of fitness, more so than lower fatness, attenuated much of the association of HRQOL with type 2 diabetes in most of these physical health domains. However, neither fatness nor fitness ameliorated the strong negative association of type 2 diabetes with the general health scale. This seems reasonable, since the presence of a diabetes diagnosis in and of itself would be expected to influence a patient's self perceived health.
Few studies have examined the association of fatness and fitness on HRQOL in people with type 2 diabetes. In the Look Ahead Study, both lower fitness and obesity were associated with lower physical component summary scores in people with type 2 diabetes [13] , a finding consistent with our study. In our study fatness and fitness are associated with each of the eight SF-36 scales. We provide insight about how fatness and fitness may affect general, mental and physical health individually. This was especially informative in identifying a significant association of type 2 diabetes with general health, even after adjusting for fatness and fitness. It is notable that we found no significant association between type 2 diabetes and reduced mental health, despite studies showing an increase in the prevalence of depression among people with type 2 diabetes [23] . This may reflect that the present participants volunteered for an exercise program, suggesting an interest in improving their health, and had well-controlled diabetes, thus less likely to be experiencing symptoms and disease complications that might impact their mental health.
There are limitations to our study. First, because the participants were volunteers for exercise training studies and had well-controlled type 2 diabetes, they were, by definition, less likely to have diabetes-related complications and co-morbid illnesses. Nevertheless, unmeasured less severe co-morbidities such as arthritis and use of medications may be different between the two studies, which could be confounders. Importantly, prior studies have found that disease complications are the strongest determinants of quality of life in people with type 2 diabetes [3] . However, the studies' exclusion criteria make it more likely that the two groups were otherwise similar with respect to health status, except for their diabetes diagnosis. A second limitation is that the two combined studies used slightly different selection criteria for age (55-75 years in the study without diabetes and 40-65 years in the study with diabetes) making age a potential confounder. To address this limitation, we performed a sensitivity analysis in the sample with overlapping ages (N = 143) and confirmed the overall results. A third limitation is that the two combined study populations differed with respect to the use of antihypertensive therapy, which may also be a confounder. Both populations had the diagnosis of pre-or stage 1 hypertension, but those without diabetes were untreated according to the study protocol; whereas, those with diabetes were continued on the antihypertensive medications prescribed by their own health care providers. This is unlikely to influence our results, as both groups do meet criteria for pre-or stage 1 hypertension, and compared with other chronic diseases, hypertension has been shown to have the lowest impact on quality of life [2] . A fourth limitation was the use of the SF-36, a general not diabetes-specific, HRQOL instrument. It may have been less responsive to diabetes-specific symptoms and aspects of life [24, 25] . The SF-36 was used as it is both reliable and valid in these populations, and allowed for comparisons between groups with and without type 2 diabetes. However, many studies of HRQOL in people with type 2 diabetes are now including both a diabetes-specific and a general measure of HRQOL [12, 26] . Finally, the sample size of 217 may have reduced our power to detect differences in HRQOL, especially in the area of mental health, where the differences were not statistically significant.
There are several notable strengths to our study. The selection criteria enabled us to recruit people with less-complicated type 2 diabetes, who may represent a large number of patients, such as those with new diagnoses and not requiring insulin. These patients may also be more physically able, as well as motivated to engage in lifestyle changes. Despite having well-controlled disease, we did detect significant HRQOL detriments as compared to the participants without type 2 diabetes. Another study strength was the use of two reproducible and precise measures of fatness and fitness, namely the percentage of body fat obtained from DEXA and the VO 2 peak obtained from treadmill testing. Other studies, including the Look Ahead study used estimated MET capacity, as the fitness measure, and body mass index, a crude measure of total adiposity [13] .
This study has several public health and clinical implications. It is well-established that successful adoption of health behaviors focused on diet and exercise leading to weight loss and increased fitness improve clinical outcomes in people with type 2 diabetes [27, 28] . These results suggest that higher levels of fitness might also enhance HRQOL. This is especially important because studies show that lower HRQOL is independently associated with both cardiovascular events [29] and higher mortality in people with type 2 diabetes [30] . Providers may be motivated to more frequently assess HRQOL. In addition, providers might counsel patients with type 2 diabetes that incorporating physical activity into their daily routine improves fitness, allows them to do more, feel better, as well as reduce their risk of cardiovascular disease and diabetes-related complications.
Further studies are needed to confirm our findings from this cross-sectional study. There have been few studies examining the effect of a lifestyle intervention, such as exercise, on HRQOL in people with type 2 diabetes [31] . We anticipate having results in late 2009 for the exercise training trial in participants with type 2 diabetes to be able assess whether exercise leading to improved fitness levels improves HRQOL, as our cross-sectional results suggest. Future studies could examine the effects of fatness and fitness in a population with a wider range of diabetes severity, treatment types and co-morbid illness, in order to control for the multitude of factors that impact HRQOL. In addition, it would be helpful to explore the presence of depressive symptoms and use both general and diabetesspecific instruments to better understand the relationships between fitness, fatness and HRQOL in type 2 diabetes.
Conclusion
Uncomplicated type 2 diabetes is associated with lower HRQOL. Improved fitness, even more than reduced fatness, was associated with improved HRQOL in people with type 2 diabetes. Ongoing research is addressing whether or not increased fitness levels improve HRQOL. Further investigation is needed to assess the role of fitness and fatness on HRQOL in populations with a wider range of diabetes-related complications and co-morbid illnesses.
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